Purpose] To establish a quantitative kinematic assessment method for examining postural stability and physical mobility during dance-based exergaming. [Participants and Methods] Fifteen young adults participated in one session of dance-based exergaming assessment using segments from Kinect 'Just Dance 3' consisting of slow-, medium-, and fast-paced songs. A motion capture system was used to record full body kinematics, and a customized MATLAB code was used to compute the variables of interest, such as center of mass sway area, excursion, and peaks, as well as step count and joint excursions.
INTRODUCTION
facilitates improvements in balance control and reduces the risk of falls 9, 10) . Recent studies have demonstrated that dance therapy can be successful for improving mobility deficits and balance control in various populations including healthy young adults, aging individuals, and people with disabilities [11] [12] [13] [14] . A systematic review evaluated the influence of dance on healthy older adults and found clinically meaningful benefits for fall-risk reduction factors such as balance, gait, strength, and physical function 15) . Additional systematic review and meta-analysis investigating the effectiveness of dance as an intervention for people with neurological deficits found improvements for clinical measures of balance control and quality of life 9, 16, 17) .
However, it is important to note that there is considerable diversity with regards to the types of dance styles which were used in previous studies, including Korean, Ballroom, Argentine, Tango, Turkish folkloristic, Greek, Caribbean, and Aerobic dance 8, 9, 18) . Such dance forms consist of diverse movement patterns (in anteroposterior (AP) and mediolateral (ML) directions) and paces, which alter the biomechanical and physiological demands, resulting in specific adaptations for each dance form 19, 20) . Yet, there is limited evidence of how the quality of movement and posture control differ for these various dance forms, as well as limited evidence as to how the rhythm and pace of dance affect the distinct domains of balance control. Therefore, it is difficult to quantify and relate clinical improvements to enhancements in actual movement control which may be critical for rehabilitation in aging individuals and those with neurological disorders. Additionally, although dance therapy delivered in the form of community-based group classes for a healthy living, prevention, and wellness, and/or rehabilitation has several benefits, there are some barriers associated with dance training such as the cost of, access to, transportation to, and caregiver support of therapy. Some of these limitations of structured or semi-structured dance sessions could be mitigated by dance-based exergaming therapy using platforms such as the Kinect (Microsoft Inc., Redmond, WA, USA).
Phase 1 pilots of dance training via exergaming conducted in a laboratory setting have shown improvements in balance control assessed by the Limits of Stability test (NeuroCom International Inc., Clackaman, OR, USA), as well as improvements in other functional clinical measures for individuals with chronic stroke 4) and Parkinson's disease 3, 21) . This contemporary dance research has involved the use of electromyography (EMG), force plates, motion analysis using photography, cinematography or videography, and physics analysis 2, 5) . However, although these studies, and others, suggest and infer that combining exergaming technology with dance can improve one's volitional CoM and stepping control, they do not directly use a quantitative assessment of kinematic parameters to examine improvements in movement control during dance training itself. Moreover, no study to date has used a continuous motion capture system during dance movement to provide evidence of how different song paces used in dance therapy (or dance-based exergaming) impact full-body movement kinematics. By examining the different biomechanical changes and movement kinematics seen when dancing to different songs, researchers might enhance understanding of motor control and learning during dance based-exergaming, which could enhance the effectiveness and subsequent prescription of dance-training protocols. For example, evaluating dance performance using postural sway and joint range of motion (ROM) could provide critical information to clinicians because these important movement control variables are norm-referenced measures of postural stability and mobility, respectively. Further, it may provide important insights into the qualitative and quantitative ability of the participant to actively imitate and mimic the visually presented dance sequences.
Thus, the purpose of the present study was to establish a quantitative kinematic assessment method for examining postural control and joint kinematics using a commercially available dance-based exergaming Microsoft Kinect 'Just Dance' platform. Specifically, we sought to examine and establish normative values for postural stability (CoM sway area and excursions in both AP and ML directions) and physical mobility (joint angles and excursions in the sagittal plane) during healthy young adults' performance of dance to selected segments of slow-paced (SP), medium-paced (MP), and fast-paced (FP) songs. Since there has not yet been a study of this kind, the young population was chosen to test the feasibility of this paradigm, as well as to serve as a baseline assessment for examining future intervention-related improvements, in order to subsequently replicate a similar protocol in other populations, including aging individuals and those with neurological disorders. The generation of objective baseline data, as opposed to the use of subjective outcome measures, will provide information that could assist in the objective assessment of dance-based exergaming for rehabilitation.
PARTICIPANTS AND METHODS
Fifteen healthy young adults who were nonprofessional dancers and had no prior involvement in any choreographed dance program as a primary physical activity for at least 1 year (via prescreening interview) provided consent to participate ( Table 1) . A prior sample size analysis using the G*Power software package 22) to compare means of anteroposterior CoM and knee joint excursions across the three paces of songs (SP, MP, and FP) was performed using a sub-sample sample size of n=3. Based on the mean difference, the resulting effect sizes were 0.75 and 0.77, respectively, for the anteroposterior CoM excursion and the knee joint excursion, yielding a sample size of n=13 to achieve a power of 0.80. All participants were recruited by posting flyers across various notice boards on the University of Illinois Chicago (UIC) campus. The study was approved by the Institutional Review Board (IRB) and was conducted in the Cognitive, Motor, and Balance Rehabilitation Laboratory (CogMoBal) at UIC. Participants completed a general health questionnaire to evaluate their health status and family history. Participants were excluded from the study if they reported any recent surgery (less than six months ago) or any musculoskeletal or cardiovascular conditions which may hinder their performance of dance movements. Participants were exposed to dance movements with segments from Microsoft Kinect 'Just Dance 3' (Microsoft Inc., Redmond, WA, USA). Three songs of slow, medium, and fast pace from the hip-hop genre were selected for testing in this study ( Fig. 1) . To control for variability of choreography, 30-second segments from each song with similar dance movement sequences were used. The segments were designed to repeat a pre-selected musical passage (a short section of a musical composition), which was synchronized to a specific set of dance movements looped to repeat with the musical passage to ensure reduced variability in the choreography. In general, all three songs' dance movements included forward, backward, and lateral stepping, and the typical dance movements were comprised of rhythmic forward and lateral single-and doublestep touches, sidekicks and steps in-place, hip-hop bounces to front and back, along with in-place and forward marching, necessitating the use of upper and lower body movements in the anteroposterior and mediolateral directions. These dance movements incorporated flexion and extension of the hip, knee and ankle joints, along with flexion and abduction of the shoulder joints. The only difference was the pace of the song and the number of repetitions of a movement sequence. Specifically, the three-song paces were slow-paced (SP-"Dynamite"), medium-paced (MP-"Party Rock Anthem"), and fast-paced (FP-"Price Tag"). Songs from the "hip-hop" genre were chosen due to the genre's wide availability, popularity, and enjoyment in both the United States and worldwide. Song pace was classified as slow (120 bpm), medium (130 bpm), or fast (138 bpm) by verifying beats per minute (bpm) for each song using the BPM database 23) . To learn the dance steps, all participants were initially exposed to two familiarization trials for the dance sequence of each of the three songs before the beginning of the test. The songs were randomly provided to participants to elicit their natural response and performance of the dance steps. The one-time dance session lasted approximately 60 minutes.
All participants had 29 reflective markers (Helen Hayes marker set) placed on specific joints of upper and lower limb segments of their bodies. Dancing to each song was tested and recorded for 30 seconds using an eight-camera motion capture system at 120 frames per second with Cortex-64 3.6.1 software (Motion Analysis, Santa Rosa, CA, USA). The software provides full body kinematic values and computes raw CoM positions and joint angles for each of the participants. To record the number of dance steps for each song, a cost-effective and highly reliable tractivity motion sensor 24) (Kineteks Corporation, Vancouver, Canada) was placed on the participants' ankles. Initial processing and analysis of data were performed using an in-house MATLAB code (Math Works, Natick, MA, USA).
We assessed postural stability by evaluating the absolute postural sway area, CoM excursions, number of CoM peaks, and the magnitude of the maximum and minimum CoM peaks in the AP and ML directions. To determine the CoM excursion in both the AP and ML directions, one CoM peak was defined by a complete cycle of upward and downward CoM displacement. The magnitude of the maximum and minimum peaks was measured as the highest and lowest peak heights of the CoM movement, respectively, during a dance performance. Total sway area was defined by the combined AP and ML ellipse area, and the total CoM excursion was defined by the displacement of the CoM in the transverse plane. The primary outcome measures of sway area and excursion were computed using segmental method formulas (shown below) which were proposed by Prieto and colleagues 25) .
CoM ML =CoM in ML direction, s=standard deviation, and sCoM AP CoM ML =covariance.
We evaluated physical activity and mobility by determining the absolute number of peak joint angles and the magnitude of the peak joint angles for the hip, knee, and ankle in the sagittal plane. A model created by Vaughan et al. 26) was implemented to calculate these joint angles. In this model, the calculation of any joint angle is influenced by defining a reference frame in the proximal and distal segments. For example, the reference point of the hip joint is where the pelvis and thigh meet, the reference point for the knee joint is at the thigh and shank, and the reference point for the ankle joint is at the shank and foot. Joint excursions were then determined by calculating the differences between the maximum and minimum joint angles. The joint angles in the sagittal plane ( Fig. 2) were then generated through 3-dimensional trajectories of the segmental markers (from the Helen Hayes Marker set) using a custom-made MATLAB code. After eliminating data from one participant, due to a missing marker data, statistical analysis was conducted using data from the remaining 14 participants.
One-way ANOVA was used to determine variations in total sway area, and total CoM excursions as the song pace changed. Furthermore, a 3*2 repeated measures ANOVA was used to determine the effect of the song on movement in both the AP and ML directions and the interactions between song choice and dance direction, and one-way ANOVA was used to assess the effect of song pace on the CoM peaks and excursions in both the AP and ML directions.
The number of joint angle peaks and joint excursions and the interactions between song choice and extent of joint movement were analyzed with a 3*3 repeated measures ANOVA. Additionally, one-way ANOVA was performed to assess the specific effect of the song pace on the number of peaks and joint excursions for each joint (hip, knee, and ankle). Post hoc analysis was then performed for each song pace to determine variable differences using paired sample t-tests with Bonferroni corrections for controlling multiple comparisons (adjusted significance level of α=0.02).
Lastly, to determine any significant differences between step counts for each dance, one-way ANOVA was performed. Post hoc analysis was performed using paired t-tests to determine any statistical differences between step count for each of the dance songs (adjusted significance level of α=0.02).
To ascertain any relationship found between the dance variables, correlation and regression analyses were conducted between variables. Correlations were classified as weak (R<0.49), moderate (0.5>R>0.69), or strong (R>0.70) 27) . With the exception of post hoc tests, all statistical analyses had significance levels set at α=0.05, and all statistical analyses were 
RESULTS
One-way ANOVA showed significant variations in total sway area (F (2,41)=4.95, p<0.01) and in total CoM excursions (F (2, 41)=5.98, p<0.01). For post hoc comparison of total sway area, there was a significantly increased sway area for SP dance compared with both MP dance (p<0.04) and FP dance (p<0.04). (Fig. 1 & Table 2 ). Post hoc analysis also showed significantly decreased CoM excursions for MP dance compared with both SP and FP dance (p<0.01 for both) ( Table 2) .
A 3*2 repeated measures ANOVA showed a significant main effect of song pace on CoM excursion (F (2, 39)=12.34, p<0.001) as well as a significant interaction between song pace and direction of CoM movement (F (2, 39)=55.25, p<0.001). One-way ANOVA showed a significant effect of song pace on CoM excursions in both the AP (F (2, 41)=18.55, p<0.001) and ML (F (2, 41)=55.25, p<0.001) directions. The CoM excursions in both directions for SP dance were significantly greater compared with both MP and FP dance (p<0.001). Also, CoM excursion was significantly greater in the AP direction than in the ML direction for SP dance (p<0.001) but was significantly greater in the ML direction than in the AP direction for FP dance (p<0.001) ( Table 2) .
A 3*2 repeated measures ANOVA showed a significant main effect of song pace on the number (#) of CoM peaks (F (2, 39)=5.29, p<0.01). One-way ANOVA showed significant differences in the number of CoM peaks in the ML direction for different song paces (F (2, 41)=14.61, p<0.001). There was a significantly greater number of peaks in the ML direction for MP dance than for SP dance (p<0.001), as well as significantly more peaks in the ML direction for FP dance than for SP dance (p<0.001). However, there were no significant differences in the number of CoM peaks in the AP direction for any of the three-song paces. Additionally, there was a significantly greater number of CoM peaks in the ML direction than in the AP direction for each song pace (p<0.001 for all) ( Table 2) . A 3*3 ANOVA showed a significant main effect of song pace on joint excursions (F (2, 78=25.16, p<0.001) and a significant interaction between song pace and extent of movement (F (4, 78)=5.23, p<0.001). One-way ANOVA demonstrated significant variances between song pace for hip (F (2, 41)=3.51, p<0.04), knee (F (2, 41)=7.05, p<0.002), and ankle (F (2, 41)=4.61, p<0.02) joint excursions. Post hoc comparison showed increased hip and knee joint excursions for MP dance compared with SP dance (p<0.02 for both). There was also a greater ankle joint excursion for FP dance than for SP dance, a greater knee joint excursion for MP dance than for FP dance, and a greater ankle joint excursion for FP dance than for MP dance (p<0.02 for all). Further, comparisons of joint excursions within each song showed that for SP and MP dance there were significantly increased joint excursions for the knee than for the hip, and these were both greater than the ankle joint excursions (p<0.01). For FP dance, joint excursion was only significantly greater for the knee than for the ankle (p<0.01) ( Table 3) .
Results of 3*3 repeated measures ANOVA showed a significant effect of song pace on the number (#) of joint angle peaks (F (2, 78)=25.97, p<0.001) and a significant interaction with song (F (2, 78)=7.64, p<0.001). One-way ANOVA showed significant differences in the number of peaks and excursions of all joints (p<0.05 for all). Post hoc analysis showed a significantly greater number of hip joint peaks for MP dance than for SP dance (p<0.001). The number of knee joint peaks was significantly greater for FP dance than for MP and SP dance (p<0.001 for both). Additionally, the number of ankle joint peaks was significantly greater for FP dance than for SP dance (p<0.001). There were significantly greater numbers of ankle joint peaks than hip joint peaks for both MP and FP dance (p<0.003 for both). Also, for FP dance, the number of peaks was significantly greater for the knee than for the hip (p<0.001) ( Table 3) .
One-way ANOVA demonstrated a significant effect of song pace on the number of dance steps taken (F (2, 41)=31.69, p<0.001). The number of dance steps was also seen to be strongly correlated with song pace (F (2, 41)=18.68, R=0.72, p<0.001). The number of dance steps increased from SP dance (M=33.26, SD=7.19) to MP dance (M=41.33, SD=4.40) to FP dance (M=47.92, SD=6.31), and this increasing pattern was signficant (p<0.003).
Linear regression analysis showed a non-significant, weak negative correlation between the CoM excursions in the AP and ML directions (F (1, 26)=2.92, R= −0.30, p>0.05) ( Table 4 ). Another linear regression analysis showed a significant, moderate negative relationship between CoM excursions and the number of CoM peaks in the AP direction (F (1, 26)=19.23, R= −0.65, p<0.05) (Table 4 ). Simultaneously, the results showed that the number of AP CoM peaks had a significant, moderate positive correlation with the number of dance steps (F (1, 26)=14.64, R=0.61, p<0.05). In addition, the results revealed that the number of ML CoM peaks had some weak positive correlative trend with step count, but this was not significant (F (1, 26)=2.34, R=0.09, p>0.05) ( Table 5 ). Correlation analysis demonstrated a significant, weak positive association between the number of dance steps and the number of hip angle peaks (F (1, 26)=4.41, R=0.39, p<0.05), as well as a nonsignificant weak positive association with hip excursion (F (1, 26) =0.012, R=0.03, p>0.05). Further analysis revealed that the number of dance steps was significantly, moderately positively correlated with the number of knee angle peaks (F (1, 26)=23.18, R=0.69, p<0.05), but that there was no significant association with knee excursion (F (1, 26) =0.46, R=0.14, p>0.05). Lastly, results demonstrated a significant, moderate positive correlation between the number of dance steps and the number of ankle peaks (F (1, 26)=9.44; R=0.52, p<0.05), and a similar trend was also seen when comparing the number of steps to ankle excursions (F (1, 26)=18.68; R=0.66, p<0.05) ( Tables 4 and 5 ). Values are (Mean ± SD) for variables, p<0.05. SP: Slow-paced song; MP: Medium-paced song; FP: Fast-paced song; AP: anteroposterior; ML: mediolateral; CoM: center of mass. * denotes significantly greater values within the same variable among the three song paces, + denotes significantly greater values between different variables within a song pace only, and * + denotes significantly greater values within the same variable among songs and between variables within a song.
DISCUSSION
The present study evaluated determinants of postural stability and physical mobility (postural sway, CoM excursion, and joint angle changes) to establish a quantitative assessment method with dance-based exergaming using three different paces/ intensities of dance movements (SP, MP, and FP) in healthy young adults. The study was able to generate normative values of postural stability (CoM sway area and excursions in both AP and ML directions) and physical mobility (joint angles and excursions in the sagittal plane) during healthy young adults' performance of dance to selected segments of slow-paced (SP), medium-paced (MP), and fast-paced (FP) songs.
When dancing, individuals must shift their CoM to different spatial locations, change their movement speed, and synchronize their multi-limb segments with audiovisual stimuli, all while simultaneously controlling their balance. Because SP dance had the least bpm, participants were able to maintain the pace and rhythm of the SP song while simultaneously attaining a greater sway area and AP CoM excursion than for the other two song paces. The increased number of beats per minute with MP and FP provided some difficulty for participants to rapidly shift their CoM to its maximum level due to the limited time for movement transitions, resulting in reduced sway area and excursions ( Fig. 1 & Table 2 ). However, the FP dance did show comparatively higher ML CoM excursion ( Table 2) , but this could merely indicate that the FP dance provided via the Kinect system required the participants to accomplish increased excursions in the ML direction to complete the dance steps. Likewise, the equivalent AP and ML CoM excursions for the MP song could imply that the MP dance, "Party Rock," potentially required the execution of balanced movements in both the AP and ML directions (Fig. 1a) . Given that the capacity to maintain balance control during functional tasks is acquired through AP and ML stability 28) , a comprehensive dance-based exergaming assessment protocol enlisting both SP and FP dancing could enhance the testing of dynamic balance control in the AP and ML directions, respectively.
While comparatively smaller corresponding CoM excursions accompanied a higher number of CoM peaks in the AP direction for all three dance paces, no such association was observed in the ML direction (Table 4 ). This could be because all three songs were potentially able to facilitate similar trends for CoM excursions and peaks in the ML direction. Previous studies have indicated that ML CoM motion is associated with maintaining dynamic stability and is a functional indicator of balance maintenance during motor tasks 29, 30) . With this in mind, it is possible that the young adults in this study exhibited a compensatory adjustment strategy to establish dynamic stability while dancing which caused a similar number of CoM peaks and similar CoM excursions in the ML direction. Ojofeitimi et al. 31) demonstrated that skilled dancers had significantly increased ML CoM displacement during a weight shifting task, exhibiting higher mobility control ability than amateur dancers. It is also known that ML postural control is essential for rapid voluntary weight shifting to different spatial locations while maintaining one's balance 32) , and, therefore, it could be postulated that all three song intensities would be useful for assessment of ML postural control.
Additionally, the number of joint peaks and joint excursions are useful for evaluating joint mobility. In particular, joint mobility provides information on the capacity to adhere to and perform dance movement sequences with respect to the song pace. The joint excursion pattern seen for all three dance songs was that the highest excursion exhibited was for knee flexion, followed by hip flexion and ankle plantarflexion 33) . Similar to our study results, other dance and gait studies have also found similar patterns of maximum joint excursions 33, 34) . Therefore, it is possible that the songs used in our dance-based exergaming may play an important role in enhancing some key determinants of gait. As joint excursion indicates the total size of the free joint angle needed to perform tasks, the results (greatest excursion of knee joint with MP) may indicate that MP may be suitable for rehabilitation of knee movement in gait training and also in performing functional activities such as sit-to-stand tasks and stair climbing ascent and descent. Also, because the number of joint peaks represent the frequency of the joints' ability to reach maximum joint angles, the results (increased number of joint peaks for the knee and ankle with MP and FP) may imply that MP and FP could be applicable for training gait speed or other activities which require speed for proper execution.
Furthermore, the results demonstrated a positive correlation between the number of AP CoM peaks and the number of dance steps (Table 4 ). Improvements in the AP direction may play a critical role in augmenting balance and propulsion for improved gait, and, because this study evaluated the number of steps as a measure of physical activity, physical activity was also seen to increase with these AP improvements. Also, increases in step count could play a critical role in improving cardiovascular endurance, which is important for reducing inactivity and comorbidities in the general population 28, 35) . Regular physical activity is known to increase the level of fitness in healthy and older population 36, 37) , and dance-based exergaming could also play a significant role in this aspect. Thus, the use of a commercially available, off-the-shelf, and cost-effective Kinect gaming system for dance-based exergaming as an assessment tool for physical activity and cardiovascular endurance could offer immense possibilities for both physical activity and rehabilitation. Albeit, this assertion may need further studies to authenticate this claim.
This study demonstrated that the dance assessment protocol resulted in increased dance steps as song pace increased and that the number of dance steps was positively correlated with the number of knee and ankle joint angle peaks as well as with ankle excursion (Table 5 ). This increase in the number of knee and ankle joint angle peaks, along with a higher ankle joint excursion, could suggest that such assessment protocol might be beneficial for testing changes most likely at the knee and ankle level but less likely at the hip joint (Table 5 ). However, studies have also indicated that increases in knee and ankle range of motion are correlated with increased gait velocities in both young and older adults 29, 34) , suggesting that dance-based exergaming assessment could potentially play a role in testing gait speed, but this needs further investigation. Also, this study was able to generate normative data for CoM excursions and joint excursions for different intensities of dance songs used for dance-based exergaming assessment. Dance therapy has been very effective for neurological conditions, and, because of this, kinematic evaluation of dance steps could be a sensitive or objective quantification of pre-post training effect. Successful walking ability primarily involves a substantial single support period, and so control of ML balance is essential, particularly when transitioning support from one limb to the other 38) . Secondly, when walking, the ability to regain equilibrium under more dynamic conditions, such as upon an unexpected perturbation of the body's position (e.g., a trip or slip), is vital for preventing falls. This dance assessment protocol with our chosen song paces would likely offer a sensitive and objective method of evaluating postural stability and risk of falling before and after dance training sessions. However, further research is needed to ascertain the above-stated postulations.
The results of this study may be limited by a few factors, and therefore the findings should be interpreted with caution. One notable limitation was the relatively small sample size of the study. However, the effect sizes for CoM excursion and knee joint excursion for the comparisons performed were 0.78 and 0.76 and yielded a power of 0.88 and 0.87 with the current sample size. These large effect sizes obtained in the study are in line with the clinical study guide to statistics which states that an effect size greater than 0.70 is appropriate for obtaining normative values 39) . Also, the current study involved three songs of different paces from the hip-hop genre using the Kinect exergaming system, thus the results do not reflect dance kinematics across all dance genres and cannot be generalized. Future studies should conduct a similar kinematic analysis of dance with other genres. Additionally, the present study was conducted on healthy young adults', and prospective studies should also include aging and neurologically-impaired populations to understand their ability to reproduce dance movements with the effect of aging and neurological deficits.
In recent times, exergaming-based dance interventions with different genres (styles) and paces (intensities) have gained momentum in their applications for rehabilitation among older adults and individuals with neurological conditions. Advancing knowledge in such areas as the biomechanics of dance would be an addition to dance therapy literature by ensuring that interventions provide appropriate execution of dance movements so that individuals gain optimal efficiency while training. This study was able to establish movement kinematics of postural control and joint mobility using three songs of different paces provided via dance-based exergaming among healthy young adults. These findings are beneficial in that they provide clinicians with insight into dance movement strategies using the Kinect exergaming system.
